For many herbivorous mammal species across the world, geophagy, the consumption of soil, is an important method for obtaining minerals, especially sodium. However, this behavior has not been recorded in marsupials. The eastern grey kangaroo (Macropus giganteus), an intensively studied macropod species, is known to use physiological and micromorphological adaptations to conserve sodium. We present results of another adaptation, the use of natural licks, by this species and 3 other macropod species at Sundown National Park, Australia. Natural licks had significantly higher levels of sodium, magnesium, and sulfur than surrounding soils. We examined patterns of lick use by kangaroos to test 3 possible proximate causes of geophagy: whether lick use was affected by dietary mineral content, life-history stage, and thermoregulation. The number of kangaroos visiting the licks increased with temperature and mean cloud cover, varied among months, and was marginally significantly influenced by dietary mineral content. Visit durations to one lick increased with temperature and were influenced by month and life-history stage; females with high lactation demand and large males spent the most time at the lick. The proportion of time spent in geophagy when at a focal lick varied with month and reproductive state. Therefore geophagy is not restricted to eutherian mammals, and kangaroos, like many eutherian species, appear to adjust this behavior in response to their mineral demand. Geophagy in kangaroos is facultative, rather than obligative, and has not been detected in other intensively studied populations. In areas of Australia with low levels of sodium, high temperatures, and suitable lick sites, geophagy may play a key role in marsupial ecology.
Geophagy, the consumption of soil, clay, or sediments from localized sites called mineral licks, salt licks, or natural licks, has been widely documented for many mammalian species. Geophagy is found predominantly in species exhibiting herbivorous or omnivorous diets that are found across North and South America, Eurasia, and Africa (for review see Klaus and Schmid 1998) . Natural licks are usually found along the edges of streams or as deposits of high concentrations of soluble minerals exposed by erosion above less-permeable layers, and are sometimes associated with areas of high clay content (Weeks 1978; Kreulen 1985) . Levels of sodium have been found to be higher at licks compared to the surrounding soil at almost all licks used by grazing mammals (Weir 1969; Moe 1993; Tracy and McNaughton 1995) . Licks may also occasionally have high levels of potassium, calcium, magnesium, and sulfur (Klaus and Schmid 1998) ; for example, in the absence of available sodium licks, African elephants (Loxodonta africana) use termite mounds that have high concentrations of all of these minerals except sulfur (Weir 1969 ).
Many reasons for geophagy by mammals have been suggested. Geophagy may help compensate for dietary mineral deficiencies (Robbins 1993) , and the ingestion of clay may counteract acidosis (Kreulen 1985) or secondary plant compounds (Oates 1978) or may absorb bacteria and their toxins (Mahaney et al. 1995) . Although the causes of geophagy, and the relative importance of these different causes, may vary among species, or populations in different locations, and at different times of year, it is generally believed that the main cause of geophagy in grazing mammals is sodium demand for the maintenance of mineral homeostasis (Kreulen and Jager 1984; Jones and Hanson 1985) . The use of licks often varies with season, usually peaking in spring and summer (Weeks and Kirkpatrick 1976; Moe 1993; Ayotte et al. 2008; Ping et al. 2011 ). There are 3 main causes of increased sodium w w w . m a m m a l o g y . o r g demand during these seasons, which may not be mutually exclusive: the growth of lush, green foliage in spring, containing high levels of potassium, compromises sodiumconserving mechanisms, so that sodium is lost in the feces (Jones and Hanson 1985) ; variation in the need for sodium during different life-history stages such as pregnancy and lactation can cause peaks in the need for sodium when females are in particular reproductive states (Tracy and McNaughton 1995) ; and increased sodium loss is caused by sweating in hot weather.
Given the geographically widespread reports of the use of licks and their importance to the ecology of many herbivorous mammal species, the absence in the literature of any description of the use of natural licks by native Australian mammals is notable and surprising. To our knowledge, the only record of geophagy in Australia was reportedly from stomachs of feral donkeys (Equus asinus) in northern Australia that contained clay (Freeland and Choquenot 1990) . and Diamond et al. (1999) refer to Smith's (1979) description of geophagy in captive koalas (Phascolarctos cinereus); however, this reference relates to the ingestion of gravel by a few individuals in their enclosures, which does not fit the definition of geophagy.
Salt concentrations in soil are known to be low across large areas of Australia. These areas tend to be too far inland (more than 150 km from the coast) to receive marine salt content in rain, yet lack the increased evaporation found in the inland desert, where salt accumulation tends to occur (Hutton and Leslie 1958) . Few plant species require sodium and therefore it is rarely accumulated in vegetation and can be easily leached from ecosystems receiving moderate levels of precipitation (Robbins 1993 ), a process accentuated by freezing and thawing of the ground. Blair-West et al. (1968) showed that eastern grey kangaroos (Macropus giganteus) in these sodium-scarce areas have adapted by possessing enlarged adrenal glands (especially the zona glomerulosa), which synthesize and secrete aldosterone (sodium-retaining hormone). Blair-West et al. (1968) also found structural changes in the salivary glands adaptive for conserving sodium, namely more extensive duct systems of the parotid and submandibular glands, and more-abundant blood vessels around the striated ducts. Urine sodium concentrations were virtually zero in kangaroos from these areas compared to animals residing in coastal regions, where sodium levels were much higher. Since these studies were undertaken it has been widely assumed that macropods rely on these physiological and micromorphological adaptations for mineral homeostasis, and do not use geophagy (Milewski and Diamond 2008) , although kangaroos have been known to travel to artificial sodium sources (Blair-West et al. 1968; Abraham et al. 1973) .
The eastern grey kangaroo is the most frequently and intensively studied macropod species; studies have been undertaken at numerous sites across the species' range ( Fig.  1 ; see Coulson [2009] for a review). None of these studies have reported geophagy, suggesting that it did not occur at those sites, although of course observations of geophagy may simply not have been reported. In contrast to the assumption that eastern grey kangaroos do not exhibit geophagy, we describe the use of natural licks by this species and report observations of their use by other macropod species. Because this is the 1st report of geophagy by any marsupial, our initial aim is to compare the soil mineral contents of the natural licks with those of random locations within the study area, to test whether sodium demand drives geophagy in the kangaroos as has been found for other mammals. Second, we test possible proximate causes of the patterns in the use of licks, in particular whether their use was affected by dietary mineral content, increased demand for minerals due to life-history characteristics (males' sizes or females' lactational demands, categorized by reproductive state), or salt loss through thermoregulatory armlicking behavior, measured using ambient temperature as a proxy. Resting eastern grey kangaroos do not sweat, but instead rely on dry conductance through peripheral vascular adjustments and evaporative heat loss for thermoregulation, divided almost equally between panting and arm licking, at ambient temperatures below 338C (Dawson et al. 2000) .
MATERIALS AND METHODS
The study was conducted in Sundown National Park, Queensland, Australia (28855 0 03 00 S, 151834 0 46 00 E). The park lies near the center of the species' north-south range, approximately 200 km inland from the coast (Fig. 1) , in trap rock country. Trap rock is hard, dense rock formed from ancient marine sediments modified by heat and pressure. The site consists of a mosaic of open grassy fields grazed by the kangaroos, where Eragrostis leptostachya, Austrostipa scabra, Cymbopogon refractus, and Bothriochloa decipiens are the predominant grass species. These fields are surrounded by mixed open woodland containing silver-leaved ironbark (Eucalyptus melanophloia) and cypress pine (Callitris intratropica). The site was grazed by approximately 240 female kangaroos and notably fewer males. Predation risk for adult kangaroos was very low; there were no dingoes (Canis lupus dingo) within the park, but wedge-tailed eagles (Aquila audax) were occasionally seen and foxes (Vulpes vulpes) were known to hunt juvenile kangaroos. There were 13 natural licks within the 37.4-ha study area; most (minor licks) were only 1-2 m 2 and used sporadically by 1 kangaroo at a time, whereas 2 were larger and frequently had groups of 2-15 kangaroos present (Fig. 2) . These 2 larger licks were selected for focal behavioral observations based on their frequent use by the kangaroos and the ability to film each lick in its entirety within a camera's field of view. The dimensions of these 2 licks were approximately 8 3 12 m (lick I) and 12 3 15 m (lick O), but they increased in size slightly during the course of this study through heavy use by the kangaroos.
Aim 1: comparison of soil mineral contents of the licks and random sites.-To compare the mineral contents of the licks to background levels across the study area, five 50-g soil samples were collected from each of the 2 focal natural licks, specifically targeting patches frequently used by the kangaroos. An additional sample was later collected from lick I after the kangaroos began to dig and eat the soil around a neighboring ant nest midway through the study. Ten control soil samples were collected from haphazardly chosen locations across the study area and a soil sample also was collected from each of the 11 minor licks at the study site. All soil samples were analyzed (University of Queensland, School of Land and Food Sciences) for cations Na, Mg, Ca, K, P, Mn, Zn, Cu, Fe, and Co, and for S, C, and N. Each soil sample was air dried and passed through a 2-mm sieve to homogenize the sample before chemical analysis (Dormaar and Walker 1996; Ayotte et al. 2006) , which was undertaken following the procedures described in Rayment and Lyons (2011) .
Aim 2: patterns and causes of use of natural licks.-Between June 2011 and February 2012, a video camera was mounted in a water-resistant case on a tree at each of the 2 focal licks (lick O: Sony Handycam CDR-SX65E; Sony, Tokyo, Japan; lick I: Sony Handycam HDR-CX190; Sony). The cameras recorded for 2 h after dawn and 2 h before sunset on 7 days each month, including during light but not heavy rain. The videos were later analyzed, with the sex and reproductive state of each visitor to each lick recorded, along with the duration of the visit for individuals whose arrival and departure were observed. Adult females' reproductive states were divided into 6 categories: females with no pouch-young; females with a small pouch-young; females with a medium pouch-young that occasionally stuck its head out of the pouch; females with a large pouch-young that was too large to completely fit inside the pouch; females with a young-at-foot that had permanently left the pouch but still nursed; and females with both a small pouch-young and a young-at-foot. Males were categorized as medium males that were a similar size to adult females and large mature males that were larger than adult females. The final category was subadults of both sexes because we were unable to separate them on the videos. Temperature, wind speed (measured using a Kestrel 1000 Pocket Wind Meter; Nielsen-Kellerman Co., Boothwyn, Pennsylvania), and percent cloud cover (estimated to nearest 5%) also were recorded at the start and end of each video session and the mean values were calculated.
Mineral content of the kangaroos' diets.-To establish the mineral contents of the kangaroos' diets, 10-12 grass samples were collected during each of August, October, November, December, January, and February from 1-m 2 plots, randomly located within pasture areas across the study site. The same plots were sampled each month and approximately 25 g of grass was collected for each sample. Care was taken to select grass leaves, which make up the majority of the diet of kangaroos (Taylor 1983) . The samples were air-dried in the field and later oven-dried before being ground and sieved. We then digested 0.25 g from each sample with 15 ml of 5:1 nitric : perchloric acid and analyzed the samples using an inductively coupled plasma-atomic emission spectrometer for macroelements (Na, Mg, K, Ca, and P) as well as trace elements (Al, B, Co, Cu, Fe, Mn, S, and Zn). To establish when the majority of grass available to the kangaroos changed from being brown, dead grass in winter to green, lush, fresh grass, monthly parallel transects 50 m apart were conducted across the entire study site. A quadrat was placed on the ground every 25 m along each transect (n ¼ 110 quadrats), and the percentages of cover of brown and green grass were each estimated. These values were averaged across the study area each month.
Statistical analysis.-All statistical analyses were undertaken using R (R Development Core Team 2012). The mineral contents of soil samples collected from the focal and minor licks and the control sites were compared using simple 1-way analyses of variance. To determine the factors affecting the number of kangaroos visiting the natural licks during each 2-h session we ran a generalized linear model using a Poisson distribution with the following explanatory variables: mean temperature, mean wind speed, and mean cloud cover for the session; month; time of day (am or pm); and lick identity (I or O). We also included interactions between mean wind speed and lick and between mean temperature and mean cloud cover.
We included the climate variables to test the hypothesis that kangaroos need extra sodium during hot weather because of sodium loss from arm licking for thermoregulation. To investigate the effect of the presence of fresh green grass in the kangaroos' diets on the number of kangaroos visiting the licks, we ran a 2nd model replacing the variable ''month'' in the previous analysis with ''grass,'' a variable that divided the data into periods when the majority of the grass was brown or green as determined from the monthly transect data. This allowed us to test the hypothesis that increased intake of green grass (and thus high levels of potassium) increased the need for sodium, whereas the previous model tested for monthly variation in lick use.
To determine the factors affecting the duration of time individuals spent at the lick, we restricted the data to that from lick I because of the superior visibility of the kangaroos at this lick, resulting from its flatter profile. We ran a linear mixedeffects model with the following explanatory variables: mean temperature, mean wind speed, and mean cloud cover for the session; sex/reproductive state; number of kangaroos visiting the lick in that session; and month and time of day (am or pm). Session was included as a random effect to control for the fact that on multiple sessions, data were recorded for several kangaroos. P-values for the categorical variables month and sex/reproductive state were calculated based on posterior Markov chain Monte Carlo estimates of posterior distributions for the parameters. The inclusion of sex/reproductive state in this model allowed us to test whether particular classes of kangaroos spent longer at the licks, as predicted if they required more sodium, as well as testing the hypothesis relating to thermoregulation using the climatic variables.
To investigate which factors affected the proportions of time individuals spent eating the soil when at the lick, we randomly selected females visiting lick I and recorded the amounts of time they spent eating soil (as opposed to just being vigilant, interacting with other kangaroos, or nursing their young-atfoot) during the 10 min after they commenced feeding at the lick. We ran a generalized linear model with a gamma distribution, with the following explanatory variables: mean temperature, mean wind speed, and mean cloud cover; reproductive state; the number of kangaroos present when the individual arrived at the lick; and month and time of day (am or pm).
RESULTS
Aim 1: comparison of soil mineral content of the licks and random sites.-Soil analysis revealed that the 2 large focal licks had significantly higher levels of Mg, Na, and S compared to control samples, with the greatest difference occurring for Na levels (Mg: F 1,20 ¼ 21.639, P , 0.001; Na: F 1,20 ¼ 32.117, P , 0.001; S: F 1,20 ¼ 9.089, P ¼ 0.007; Table 1 ). Minor licks were significantly higher in Co, Mg, and Na compared to controls (Co: F 1,20 ¼ 6.249, P ¼ 0.022; Mg: F 1,20 ¼ 13.221, P ¼ 0.002; Na: F 1,20 ¼ 16.330, P ¼ 0.001; Table 1), and there were no significant differences in the Mg and Na levels between the focal and minor licks (Na: Table   1 ). Observations of the soil at the licks compared to the control samples suggested that the licks had a high clay content compared to surrounding soils.
Aim 2: patterns and causes of use of natural licks.-Analysis of 488 h of video revealed the following numbers of observations of different species visiting and eating soil at the licks: 1,583 of eastern grey kangaroos, 11 of female eastern wallaroos (Macropus robustus robustus), 3 of red-necked wallabies (Macropus rufogriseus), and 3 of swamp wallabies (Wallabia bicolor). Foxes were observed more frequently around the licks than in the rest of the study area. They appeared to be attracted by the kangaroos rather than the lick itself; we observed them engaging in stalking behavior and attacks on young kangaroos but not geophagy. Feral fallow deer (Dama dama) were observed occasionally sniffing the soil at the licks but not ingesting it. However, numerous deer tracks were found at the licks on mornings after rainy nights; thus, it is possible that they used them after dark. Wet kangaroos (including those with large pouch-young), whose grazing home ranges were not within the study site, were periodically observed at the licks on dry days. We assume that they had swum across the nearby river to visit the licks. It is unknown whether kangaroos used natural licks on the other side of the river, although limited searches did not find any.
Kangaroos scraped off chunks of exposed soil at the licks with their incisors and chewed them before swallowing, often while in an upright vigilant position. Kangaroos also were observed digging with their forepaws to loosen the soil before scraping at it with their teeth. A few females repeatedly used an alternative method of pulling off chunks with their forepaws, then standing and eating out of their paws while being vigilant. Because of high intensity of use, preferred feeding spots often developed into holes or overhangs and the kangaroos put their heads into the former and occasionally lay on their sides to reach the soil at the latter (Fig. 2) .
Mineral content of the kangaroos' diets.-Examination of monthly grass quadrat data showed that the majority of grass ). Measurements in boldface type were significantly different from those from control samples. Samples from the focal licks include 5 taken from lick O and 6 from lick I, whereas 1 sample was take from each of the 11 minor licks. Na and Mg levels did not differ significantly between the focal licks and the minor licks. 
DISCUSSION
This study presents the 1st published description of geophagy at natural licks by any native Australian mammal and a 1st for marsupials in general, as far as we are aware. Our observation greatly expands the taxonomic breadth of our understanding of the importance of natural licks to mammals. Because the eastern grey kangaroo is the most frequently and intensively studied macropod species, the absence of previous reports of geophagy implies that it is a facultative behavior in this species. As found in studies on natural licks from around the world (Klaus and Schmid 1998) , our licks had significantly higher levels of sodium, as well as magnesium and sulfur, than did control samples taken from other areas within the study area. Within our study area, natural licks were frequently visited by eastern grey kangaroos and occasionally used by eastern wallaroos, red-necked wallabies, and swamp wallabies. Although the wallabies were regularly seen within the study area, they were much less abundant than the kangaroos. By contrast, eastern wallaroos were only rarely observed within the study site (they are usually found on steeper, rockier terrain); it is probable that they traveled from these areas specifically to the licks and then returned to their normal home ranges.
Comparison of soil sodium levels at our study site to those previously reported in association with kangaroos' physiological sodium status suggests that kangaroos in our study also may have needed to adapt to low environmental sodium levels. Blair-West et al. (1968) found that sodium levels in the soil were much lower in locations where kangaroos showed physiological adaptations for sodium conservation (Snowy Mountains, 11.5 mg/kg, and Canberra, 18.4 mg/kg; Fig. 1 ), compared to locations where they did not (Broken Hill, 82.8 mg/kg, and Victorian coast, 75.9 mg/kg; Fig. 1 ). Mean 6 SE sodium levels from soil samples haphazardly collected at Sundown National Park were only slightly higher than those from the low-sodium locations (Sundown National Park, 27.7 6 5.2 mg/kg). Experiments in the Snowy Mountains showed that eastern wallaroos traveled to feed on artificial licks and showed an unequivocal preference for sodium over potassium, magnesium, calcium chloride, or water, especially for females with pouch-young (Abraham et al. 1973) . Because the mineral content of grass is partly influenced by soil fertility (Denton 1982) , it is probable that kangaroos at our site also were seeking sodium at the licks due to low dietary sodium, because it is one of the most important minerals in animal physiology (Denton 1982) . However, we cannot completely rule out benefits derived from ingesting clay, magnesium, or sulfur as driving forces behind the observed geophagy.
For other species in which geophagy has been attributed to sodium demand for mineral homeostasis, lick use showed seasonal fluctuations (Weeks and Kirkpatrick 1976; Moe 1993; Ayotte et al. 2008; Ping et al. 2011) . We also found significant fluctuations in the use of licks between months, with peak use occurring in December and February. Increased use of licks in spring and summer has often been attributed to an increase in dietary potassium due to the growth of new grass, but dietary mineral content has rarely been measured (for exceptions see Risenhoover and Peterson [1986] and Ayotte et al. [2006] ). We found significantly higher potassium levels during months when there was more green grass than during months when most grass was brown. The number of kangaroos visiting the licks was marginally significantly higher during months when there was more green grass and thus dietary mineral content, and particularly potassium, was likely to have affected the use of licks in our study. Kangaroos had wetter, greener fecal pellets in spring and some individuals showed signs of diarrhea during this period (E. Best, pers. obs.); such signs may indicate that potassium had decreased osmotic pressure in the fecal mass, reducing water and sodium absorption (Weeks and Kirkpatrick 1976) . It is noteworthy that during this period kangaroos were observed eating brown grass stalks, which they had previously avoided during winter (E. Best, pers. obs.).
We found that there was a strong influence of reproductive state on the length of time females spent at lick I; females with large pouch-young and those with both a small pouch-young and a young-at-foot simultaneously stayed longer that those in other reproductive states. This supports the hypothesis that lactation demand influences the use of licks. In white-tailed deer (Odocoileus virginianus) in Indiana and sika deer (Cervus nippon) in southern China, females also increased their use of licks during lactation (Atwood and Weeks 2002; Ping et al. 2011) . Large male kangaroos also spent long periods at the lick; this could be due to a number of causes. First, large males may have experienced a higher sodium demand. Second, large males may have been able to defend their position and thus remain for longer; aggression was much more frequent and intense at preferred feeding spots at the licks compared to during grazing on grass (E. Best, pers. obs.). Third, large males may have remained at the licks because doing so would have allowed inspection of multiple females in a single location rather than roving widely in search of receptive females.
The proportion of time animals spent feeding while they were at lick I was significantly influenced by month and reproductive state, but there was no interaction between these variables. It is interesting that time spent eating soil was lowest for females with large pouch-young and highest for those with no pouch-young. This does not fit what would be expected based on lactation-driven sodium demand; sodium content in macropod milk is highest at the start and end of lactation but the greatest sodium demand on the mother is toward the end of lactation when milk volume also is high (Green et al. 1980; Merchant et al. 1989) . The lower feeding time in females with large pouch-young may reflect higher proportions of time devoted to vigilance by these females whose young are more vulnerable to predation. The longer duration, on average, of visits to licks by these females probably reflects a vigilanceforaging trade-off.
Despite the frequent finding that lick use peaks in spring and summer in grazing mammals, the effect of ambient temperature on the use of licks has not yet been examined. We found that the number of kangaroos visiting the licks and the lengths of time spent at lick I both showed strong positive relationships with mean ambient temperature. However, temperature did not have a significant effect on the proportion of time kangaroos spent feeding when at lick I, which suggests it was less costly for kangaroos to increase the lengths of their visits than to alter their vigilance-feeding trade-offs during geophagy. Although evaporative heat loss through panting and arm licking only accounts for around 10% of metabolic heat production at ambient temperatures of 158C, evaporative heat loss increases significantly to 30% at 258C and increases again by 338C (Dawson et al. 2000) . It is likely that arm licking is costly in terms of electrolyte loss (Forbes and Tribe 1969; Needham et al. 1974 ) and therefore as ambient temperatures increase above 158C, kangaroos likely experience increased sodium loss in the saliva they lick onto their arms. However, it is possible that some of that sodium is reingested when they again lick their arms.
Cloud cover and wind speed also affected lick use. The increase in the number of kangaroos that visited licks with increasing cloud cover may have been due to kangaroos avoiding visiting the exposed licks during hot, cloudless days. Eastern grey kangaroos are known to use behavioral thermoregulation by seeking shade in hot conditions (Dawson et al. 2006 ) and thus may delay their visits to the licks until after sunset on the hottest days. Observations throughout the day and night would be needed to test this. At our site there also was a general trend for higher cloud cover in summer, when temperatures were hotter, due to the increased frequency of storms. Wind speed influenced the number of kangaroos visiting the licks by reducing the effect of lick identity; as wind speed increased, the preference of kangaroos for lick I decreased (lick I was more exposed than lick O, which was surrounded by trees on 3 sides). This trend may reflect a higher degree of perceived safety among the trees at lick O during windy weather when kangaroos are more fearful because it is more difficult for them to detect predators.
In conclusion, the use of natural licks by kangaroos in our study shows similarities to that described for many eutherian species around the world. Geophagy in kangaroos is a facultative behavior because it has not been reported in other intensively studied populations. This raises the question of why this behavior occurs at Sundown National Park and how widespread it is in this species and other marsupials. We suggest that geophagy is most likely to be found in areas with high temperatures that are naturally low in sodium but have suitable licks (previous places where this species has been studied may not have met all these criteria). During December 2011 eastern grey kangaroos were observed engaged in geophagy at localized sites in the Warrumbungle National Park, New South Wales, Australia (31817 0 21 00 S, 149800 0 11 00 E); the soil at these licks appeared similar to that at the licks at our study site (E. Best, pers. obs.).
Facultative geophagy can be added to the list of mechanisms including physiological and micromorphological adaptations by which kangaroos regulate their mineral homeostasis. It is probable that all 3 proposed proximate causes of geophagy may be important in the kangaroo population in our study. First, the mineral content of the grass appeared to influence the number of kangaroos visiting the licks. Second, life-history characteristics, such as females' reproductive states (and thus lactation demands) and the sizes of males significantly influenced the durations of visits to lick I. Reproductive state also influenced the proportions of time that kangaroos spent in geophagy when at lick I. Third, temperature, a proxy for sodium loss through arm licking, which is a thermoregulatory behavior, positively influenced the number of kangaroos visiting the licks and the durations of their visits. We have reported on the use of natural licks by all 4 macropod species present in our study area. Thus, it is possible that the minerals present in licks may be important for many threatened and endangered macropod species living in areas naturally low in sodium. Therefore, especially given the ease of putting out salt blocks, sodium demand should be considered during conservation planning and translocations of threatened macropod species.
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SUPPORTING INFORMATION
SUPPORTING INFORMATION S1.-Mean percentages of cover of green and brown grass each month averaged across 110 quadrats spread over the study site. Error bars represent SE. The combined percentages of cover of green and brown grass do not add up to 100% because the percent cover of bare ground also was estimated. Found at DOI: 10.1644/13-MAMM-A-054.S1
SUPPORTING INFORMATION S2.-Mean 6 SE mineral contents of grass during the winter period when there was mainly dead, brown grass (June-August, n ¼ 10 samples), and the springsummer period of lush, green grass (September-February, n ¼ 58 samples 
